Background: Monochorionic monoamniotic twins (MoMo) occur in one of 10 000 pregnancies. Cord entanglement, malformations, twin-to-twin transfusion syndrome (TTS) and prematurity are responsible for their high perinatal morbidity and mortality.
Introduction
Every year 4 million infants are born in the United States and approximately 130 000 of them are twins. 1 The prevalence of twin deliveries has increased 48% between 1990 and 1998. 1 Of great concern is that although twins represented only 2.5% of the entire group, they accounted for 12.6% of the total perinatal mortality. 2 Only one-third of all twins are monozygotic, but 75% of the monozygotic twins are monochorionic. Among monochorionic twins, about 2% are monochorionic monoamniotic (MoMo), 18% monochorionic diamniotic (MoDi) with twin-to-twin transfusion syndrome (TTS) and 80% MoDi without TTS. 3 Monochorionic monoamniotic twins have the highest incidence of perinatal losses, congenital malformations, perinatal mortality and perinatal morbidity. [3] [4] [5] The purpose of the present investigation is to report the clinical outcome of 36 sets of MoMo twins consecutively born in our Institution. We also provide practicing neonatologists with updated information for counseling parents.
Methods
Demographic and clinical data were obtained from medical records of women with MoMo twin pregnancies and their infants born at The Ohio State University Medical Center between 1990 and 2005. This study was approved by the Institutional Review Board. Conjoined twins and gestations other than twins were excluded. Gestational age (GA) was determined by sonography or by examination of the newborn infant. Within each set, twins were classified according to their birth weight into either large or small size. Inter-twin growth discordance was calculated as the difference between the birth weight of the large and the small twin expressed as a percentage of the large twin birth weight. 6 Twin pregnancies were considered discordant if the inter-pair differences in birth weights were X20%.
Chorionicity was established by histological examination of the placenta and zygosity was determined by chorionicity, infant's gender and blood group. 7 Based on sonographic and pathologic evidence, all monochorionic gestations were classified as MoMo or MoDi. Twin-to-twin transfusion syndrome was diagnosed by the recognition of a single placenta, same gender, twins weight discordance, intrauterine growth restriction in the small (donor), normal or large size of the recipient, hemodynamic compromise of the recipient and polyhydramnios. 8, 9 Twin-to-twin transfusion syndrome severity was staged sonographically. 10 Acute fetal distress was diagnosed by fetal heart rate abnormalities (late decelerations or decreased beat to beat variability) or by decreases in the biophysical profile score.
11
Chronic fetal distress was defined by growth restriction in combination with abnormal fetal Doppler values, oligohydramnios or with both. 11 Neonatal depression was considered severe when 1-and 5-min Apgar scores were p3. Depending on maternal and fetal conditions, MoMo pregnancies were monitored as in-patient or as outpatient. Fetal management goal was to deliver by elective cesarean at 32 to 34 weeks of gestation.
Birth weight and GA for each individual twin were plotted on a growth nomogram specific for twins. 12 Infants who plotted at the 10th percentile or lower were considered intrauterine growth restricted. Umbilical cord hemoglobin (Hgb) was studied. For the few instances when cord blood was not available, the first arterial or venous Hgb recorded was used.
Respiratory distress syndrome was diagnosed using clinical and radiographic parameters. The need for mechanical ventilation and for exogenous surfactant was determined by the attending neonatologist. Severe bronchopulmonary dysplasia was diagnosed in infants receiving supplemental oxygen at 36 weeks postconceptional age. Intraventricular hemorrhages were documented by head ultrasound and were graded. 13 
Statistical analysis
Comparisons between groups and subgroups were made using the Student's t-test for interval and w 2 analysis and Fisher's exact test for categorical data. Values were reported as mean, standard deviation (s.d.), range and median.
Results
The study population consisted of 36 women with MoMo pregnancies and their seventy-one live born infants ( Table 1) . None of the pregnancies were conceived with artificial reproductive techniques. Twenty-five (69%) of the mothers were Caucasian and 11 (31%) were African American. The median age was 25 years (range 16 to 35) and one-third of the mothers were primigravida. Twenty-six of the 36 (72%) twin sets were females.
Antepartum complications noted in 36 pregnancies included discordant fetal growth in four (11%), fetal growth restriction in one or both twins in four (11%), preeclampsia in three (9%), congenital malformations in four (11%) and TTS in three (9%). Two of the three pregnancies complicated by TTS were treated with serial amnioreductions. Acute or chronic fetal distress affected 10 (28%) of the pregnancies and preterm labor was noted in 19 (53%) of the cases.
Antepartum steroids were given to 33 (92%) of the 36 women who delivered vaginally (two cases) or by cesarean (34 cases). All 36 mothers delivered 71 live infants and one stillbirth. Although this delivery occurred at 32 weeks, an autopsy failed to determine the cause for fetal demise that occurred at approximately at 22 weeks. Five (14%) twin sets were delivered at p30 weeks, 19 (53%) sets at 31 to 32 weeks and 12 (33%) sets at 33 to 34 weeks.
Umbilical cord entanglement
Entanglement was diagnosed at the time of delivery in 15 of the 36 (42%) pregnancies. In 10 of these cases (67%), entanglement occurred without true knots and none of these twins showed complications attributable to umbilical cord accidents. In the remaining five (33%) pregnancies, there were entanglements of the cord with true knots. Eight twins experienced no complications. In the remaining case, twin 'A', whose true knot was very tight, had Apgar scores of 2 and 3, was anemic (10 g/dl cord Hgb), required packed red blood cells for treatment of hypotension, but survived without complications. Twin 'B' had Apgar scores 6 and 6, was polycythemic (20 g/Hgb) and had an uncomplicated hospital course.
Only one of the 30 (3%) infants with entangled cord was considered to be intrauterine growth restricted.
Congenital malformations
There were four pregnancies complicated by congenital malformations. In one, both twins were affected, and in the remaining three pregnancies, only one twin was affected ( Table 2) . Case 1. MoMo pregnancy uncomplicated until 22 weeks of gestation when one twin was diagnosed with body stalk anomally, whereas her sibling was normal. This pregnancy was monitored as in-patient until 29 weeks when intractable preterm labor started. Following antepartum steroids, an elective cesarean section was performed. Twin A whose Apgar scores were 9 and 9 had an uneventful hospital course. Twin B with a confirmed body stalk anomally without craniofacial defects expired 5 min after birth.
Case 2. Following the diagnosis of MoMo pregnancy, fetal echocardiography at 25 weeks showed one twin to be normal and the other to have hypoplastic left heart syndrome. As both twins continued to grow appropriately, this pregnancy was monitored as an outpatient until 34 weeks when an amniocentesis was performed for assessment of lung maturity. Shortly thereafter, the patient went into preterm labor, received steroids and was delivered by cesarean. Twin A whose Apgar scores were 7 and 8 developed respiratory distress and severe metabolic acidosis. She was intubated, given prostacyclin, placed on a mechanical ventilator and transferred to the Columbus Children's Hospital Heart Center. Following the diagnosis of aortic valve atresia, aberrant subclavian artery and ventricular septal defect, she underwent a stage I Norwood procedure and later a left diaphragmatic plication. She is doing well at four years of life.
Case 3. An uncomplicated MoMo pregnancy was monitored as an outpatient until 31 weeks when preterm labor occurred.
Following steroid administration she delivered by cesarean. Twin A weighed 1490 g, had Apgar scores of 6 and 7 and developed mild respiratory distress. At 16 days of life, he became acutely ill, with abdominal distension and radiological signs of pneumatosis intestinalis. In the absence of intestinal perforation, he was managed with parenteral nutrition and multiple antibiotics. Oral feedings were restarted 14 days later and he was discharged in good health at 56 days of life. Twin B whose Apgar scores were 6 and 7 developed mild respiratory distress. He was noted to have T4 and T10 hemivertebra, imperforated anus, rectoperineal fistula, normal external genitalia and bilateral dysplastic kidneys (vertebral anomalies-anal atresia-tracheoesophageal fistula-renal defect (VATER) sequence). He died of renal failure at 6 days of life. Twin A died at 11 and Twin B at 31 days of life. Their phenotypes and karyotypes were normal.
Twin-to-twin transfusion syndrome Case 5. This MoMo twin pregnancy was diagnosed at 22 weeks. Over the next 4 weeks, persistent polyhydramnios, fetal growth discordance, ascites and pleural effusions in the recipient twin suggested TTS. Serial amnioreductions were followed by cesarean delivery at 27 weeks. Birth weights were 870 and 618 g and umbilical cord Hgbs were 20 and 11 g/dl for the recipient and the donor, respectively. The donor received one blood transfusion. Both twins developed severe bronchopulmonary dysplasia and periventricular leukomalacia, but only one had retinopathy. After prolonged hospitalizations, both twins were discharged home.
Case 6. This MoMo twin pregnancy was diagnosed at 24 weeks. Twin-to-twin transfusion syndrome was suspected 2 weeks later owing to the presence of polyhydramnios, fetal growth discordance and abnormal Doppler studies in the intrauterine growth-restricted twin. Two amnioreductions provided some improvement, but the absence of end diastolic flow in the 'donor' prompted cesarean delivery at 27 weeks of gestation. Birth weights were 894 and 747 g and umbilical cord Hgbs were 19 and 11 g/dl, for the recipient and the 'donor', respectively. Both infants developed respiratory distress, received exogenous surfactant and total parenteral nutrition for a few days. The donor received one blood transfusion. Both infants had normal head ultrasounds, uneventful hospital courses and were discharged home at 45 days of life.
Case 7.
MoMo pregnancy diagnosed at about 28 weeks of gestation. Polyhydramnios and growth discordance were noted at 32 weeks. Amniocentesis carried out for fetal lung maturity was followed by fetal distress, preterm labor and cesarean delivery. Birth weights were 1980 and 1610 g and umbilical cord Hgb were 18 and 12 g/dl, for the recipient and donor, respectively. The donor did not require blood transfusion. Both infants had normal head ultrasounds, uneventful hospital courses and were discharged home at 11 and 15 days of life, respectively.
Prematurity
Fifteen of the 36 (42%) women in this series started preterm labor between 24 and 34 weeks of gestation. Five patients (one who failed tocolysis at 24 weeks and four others who were at 32 to 34 weeks) were given steroids and promptly delivered. The 10 remaining women were successfully tocolysed and electively delivered at 32 to 34 weeks. Excluding the stillbirth, five twins with congenital malformations and six twins with TTS, there were 60 neonates left whose problems were mainly related to prematurity (Table 3) . One of the twins born at 26 weeks died of respiratory failure, but the remaining 59 survived. The sibling of the twin with VATER sequence and another twin, whose sibling was normal, developed necrotizing enterocolitis, but both recovered fully. Very low 1-and 5-min Apgar scores were noted in one infant born at 26 weeks GA and in another infant who had a true tight umbilical cord knot.
Twenty-three of the 60 (38%) infants in this subgroup had respiratory distress requiring mechanical ventilation and treatment with exogenous surfactant. All except one of these infants were extubated in less than 1 week. Only one twin born at 28 weeks of GA developed severe bronchopulmonary dysplasia and was discharged home on oxygen at 37 weeks of postconceptional age.
Paired umbilical cord Hgbs were available from 32 of the 36 sets of twins. Cord Hgb differences of X5 gm/dl were noted in the three sets affected by TTS, in the set with congenital heart disease and in five sets of otherwise uncomplicated premature twins. Anemia requiring transfusion was seen in two of the three donor twins and in one twin described above who had entanglement and tight umbilical cord knot.
Discussion
Monoamniotic placentation is the result of late splitting of the developing embryo around 8 to 9 days after fertilization. 3, 14, 15 MoMo pregnancies although rare (about one in every 10 000 pregnancies) have been reported to have a perinatal mortality as high as 68%. 16, 17 Traditionally, these high perinatal losses have been attributed to umbilical cord entanglements, congenital malformations, TTS and prematurity. 4, 5, 16, 17 Before 1990, the antenatal diagnosis of MoMo pregnancies was made in not more than half of the patients and for whom the majority of the deliveries were vaginal. 4 Recent reviews of the literature indicate 4, 5, 16, 19 Factors that may explain these changes in perinatal mortality are antenatal diagnosis of twinning, recognition of MoMo placentation, close fetal surveillance, cesarean delivery and advances in neonatal care.
Cord entanglement, a condition unique to MoMo pregnancies, occurs in 42 to 80% of the cases and it has been traditionally related to high perinatal mortality. 3,14 -19 Although entanglement has been blamed for many antepartum losses, the majority of the fetuses involved in this and in other studies did not experience fatal cord accidents. 20 There have been reports of successful vaginal deliveries with entangled cords and with true umbilical cord knots. 21 How often entanglement associates with true umbilical cord knots is unclear. In our series, we observed true knots in five of 15 entangled cords, an incidence similar to that of Bajoria et al. 20 (eight of 13), Rodis et al. 16 (five of six) and Suzuki et al.
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(three of nine). Although entanglement with true knots represents a significant risk, actual umbilical cord vascular accidents may be less common than anticipated. The risk that a tightening knot may compromise the umbilical circulation may be ameliorated by the low friction surfaces of the cords, the cushioning effect of Wharton's jelly and the resistance of the vessels to compression.
14 Congenital malformations are associated with high perinatal mortality in premature singletons as well as in twins. 23 Analysis of a large database from nine European and Latin American registries confirmed that malformations are more common in twins than in singletons and that all anatomical sites could be involved. 24 Malformations are more frequent in monozygotic than dizygotic twins and they are 2.5-fold higher in monochorionic than in dichorionic placentations. 23 Although no specific malformation or group of malformations are unique to multiples, recent data suggest that lung hypoplasia may occur more often in twins. 23, 24 What makes our cases peculiar is its occurrence in both twins as well as the different locations of the hypoplastic lung.
Some malformations may be recognized antenatally (i.e. body stalk anomaly, congenital heart defect), whereas others may not (i.e. VATER sequence, lung hypoplasia). Like in the cases reported here, most malformations affect only one twin and the majority are not associated with chromosomal abnormalities. 23, 24 Body stalk anomaly is a rare and uniformly fatal malformation known to affect singletons as well as multiples. 25 This condition can be diagnosed early in pregnancy because of the large thoracoabdominal anterior body wall defect, small thorax, protruding heart, liver and other viscera. Differential diagnosis should include other anterior wall defects such as gastroschisis or amniotic band sequence. The absence of craniofacial malformations and normal chromosomes in body stalk anomaly has been reported before. Although selective feticide of affected twins has been proposed, our case supports expectant management.
Twin-to-twin transfusion syndrome is not as common among MoMo as is in MoDi pregnancies because MoMo placentas have more arterioarterial and fewer deep arteriovenous anastomoses than MoDi placentas. 8, 20 We report TTS in three of the 36 MoMo pregnancies with an incidence of 10%, quite similar to that noted by others. 5, 16, 19, 21, 22 The presence of polyhydramnios, discordant fetal growth, hydrops, congestive heart failure, tricuspid regurgitation and discordant bladder fillings make the prenatal diagnosis of TTS possible. [8] [9] [10] Postnatal angiograms of the placenta demonstrating deep arteriovenous anastomoses with cotyledon sharing may confirm the diagnosis. 15 Sebire et al. 26 suggested that acute TTS may be responsible for antepartum fetal demise in MoMo twins, speculating that imbalances between the two fetal circulations cannot be sustained for any prolonged time. The differences in cord Hgbs X5 g/dl in cases other than those three TTS pregnancies suggests that acute transfer of fetal blood from one twin to the other at the time of delivery is possible.
It is known that uncomplicated twin pregnancies have a higher incidence of premature birth than singletons and that MoMo twins are at an even greater risk of being born before 32 weeks of gestation. 1, 2, 7 Our data showed that preterm labor occurred in onehalf of all MoMo pregnancies. In these cases efforts were made to control it, allowing time for steroid administration and to determine the most favorable time for delivery.
Concerns about entanglement of the cord, late fetal death and risks for the surviving twin are some of the considerations involved in timing for delivery. Although optimal time is still controversial, most management strategies including ours favor delivery no later than 32 to 34 weeks of gestation. [17] [18] [19] Premature infants, especially those born before 32 weeks of gestation, have a high incidence of perinatal depression, respiratory distress, early-and late-onset sepsis, patent ductus arteriosus, necrotizing enterocolitis, intracranial hemorrhage, prolonged hospitalization and poor neurological outcomes. 27 Data provided here (Table 3 ) highlight low mortality, but still document the significant morbidities associated with premature deliveries.
During the last 20 years, most clinicians have opted for cesarean delivery in MoMo pregnancies. [17] [18] [19] The absence of umbilical cord accidents and the low incidence of perinatal depression among our twins may be a positive reflection of the mode of delivery.
In summary, our study documents that MoMo twins remain a group at risk for cord entanglement, congenital malformations, TTS and prematurity. Although their perinatal mortality and morbidity remain high, current fetal and neonatal management resulted in vastly improved outcomes. Our findings provide updated information for counseling parents with MoMo pregnancies and may be helpful for planning fetal surveillance and neonatal follow-up.
